Chris Eisin;
W Utah Ge

CIRCULAR 99 MAY 1999 I
UTAH GEOLOGICAL SURVEY

's;)‘;?«

Department ,Pf Natural Resources

S



A SUMMARY OF THE GROUND-WATER RESOURCES
AND GEOHYDROLOGY OF GRAND COUNTY, UTAH

by
Chris Eisinger and Mike Lowe
Utah Geological Survey

Cover photograph is the mouth of the Dirty Devil River at Lake Powell.
Photo credit: Paul Link
Cover design by Sharon Hamre

ISBN 1-55791-626-8

r Circular 99 May 1999 QUETY YEAR

k} UTAH GEOLOGICAL SURVEY

a division of _
Utah Department of Natural Resources UTAH GEOLOGICAL SURVEY




STATE OF UTAH
Michael O. Leavitt, Governor

DEPARTMENT OF NATURAL RESOURCES
Kathleen Clarke, Executive Director

UTAH GEOLOGICAL SURVEY
Kimm M. Harty, Acting Director

UGS Board
Member Representing
(O o L= o (O =T 1 .= T Civil Engineering
TR O 0 o 0111 o RS Mineral Industry
OV T TF= T gl = =T o -.Minera Industry
E.H. Deedee O’Brien .. Public-at-Large
RODEI RODISON ... e e e eeemm———— Mineral Industry
Charles SEMDBOISKI ......uuiii i e e —————— Mineral Industry
o g T o I o S = ] 1T | SN EconmmiessBScientific
David Terry, Director, Trust Lands AdmINIStration ............ccccccceeviieeiiivieiiiiie e, Ex.officio member

UTAH GEOLOGICAL SURVEY

The UTAH GEOLOGICAL SURVEY is organized into five geologic programs with Administration, Editorial, and Computer
Resources providing necessary support to the programsEB&IOMIC GEOLOGY PROGRAM undertakes studies to identify coal,
geothermal, uranium, hydrocarbon, and industrial and metallic resources; initiates detailed studies of these resources including mining dis-
trict and field studies; develops computerized resource data bases, to answer state, federal, and industry requests for information; an
encourages the prudent development of Utah’s geologic resourceAPPh¢ED GEOLOGY PROGRAM responds to requests from
local and state governmental entities for engineering-geologic investigations; and identifies, documents, and interprets Utah’s geologic
hazards. Th6EOLOGIC MAPPING PROGRAM maps the bedrock and surficial geology of the state at a regional scale by county and
at a more detailed scale by quadrangle. BEOLOGIC EXTENSION SERVICE answers inquiries from the public and provides
information about Utah’s geology in a non-technical format. HK¥IRONMENTAL SCIENCES PROGRAM maintains and publish-
es records of Utah’s fossil resources, provides paleontological and archeological recovery services to state and local governments, con
ducts studies of environmental change to aid resource management, and evaluates the quantity and quality of Utah’s ground-water
resources.

The UGS Library is open to the public and contains many reference works on Utah geology and many unpublished documents on
aspects of Utah geology by UGS staff and others. The UGS has several computer data bases with information on mineral and energ
resources, geologic hazards, stratigraphic sections, and bibliographic references. Most files may be viewed by using the UGS Library. The
UGS also manages a sample library which contains core, cuttings, and soil samples from mineral and petroleum drill holes and engineer-
ing geology investigations. Samples may be viewed at the Sample Library or requested as a loan for outside study.

The UGS publishes the results of its investigations in the form of maps, reports, and compilations of data that are accessible to the
public. For information on UGS publications, contact the Natural Resources Map/Bookstore, 1594 W. North Temple, Salt Lake City, Utah
84116, (801) 537-3320 or 1-888-UTAH MAP. E-mail: nrugs.geostore@state.ut.us and visit our web site at http://www.ugs.state.ut.us.

UGS Editorial Staff
B8 1 T 1 =1 1 0 Editor
Vicky Clarke, Sharon Hamle..........oii oo e e e e e e e ) Graphic Artists
Patricia H. Speranza, James W. Parker, Lori Douglas artagrapfers

The Utah Department of Natural Resources receives federal aid and prohibits discrimination on the basis of race, color, sex, age, national origin, or disability. For
information or complaints regarding discrimination, contact Executive Director, Utah Department of Natural Resources, 1594 West North Temple #3710, Box

145610, Salt Lake City, UT 84116-5610 or Equal Employment Opportunity Commission, 1801 L Street, NW, Washington DC 20507.

TAKE IN
Printed on recycled paper 2/00




TABLE OF CONTENTS

AB S TR A CT .« . ot 1
INTRODUCGTION . .ttt et e e e et e e e e e e e e e e e e e e e e e e e e e 1
SETTING . .o oottt et e et e e e e e e e e 1
CHARACTERISTICS OF MAJOR AQUIFERS ... i e e e e e 2
Fractured Rock AqUifers . .. ... ... 2

Lower Paleozoic AqUiter .. ...... . i e e 8

Cutler AQUIter . ... o 8

Wingate AqQUiter ... ... 8

Navajo AQUIter . ... .o 9

Entrada AqUifer . ... ... o e 10

Morrison AQUITET . . . . ..o 10

Dakota AQUiter . ... ...t e e 10

Wasatch AquUifer ... ... ... 11

Parachute Creek Aquifer . ... ... . i e e e e e 11

Unconsolidated AqQUITers . . . ... ... 11
RECHARGE .. e 12
GROUND-WATER FLOW DIRECTION .. ...ttt e e e et e e e e e e 13
DISCHARGE . ..o e e e e 13
WATER QUALITY . . oottt e e e e e e e e e e e e e e e e e e 14
Fractured-Rock AqQUiters . ... ... ..t i ettt et e e e 15

Lower Paleozoic AqUifer . . .. ... .. 15

CUtler AQUITET .. .ot e e e 15

Wingate Aquifer ... ... ... 15

Nava o AQUiLer . ..ot e e 16

Entrada AqUifer . . .. ... . 16

MoOTTiSON AQUITET . . . .ottt e e e e e e 16

Dakota Aquifer . ... ... 17

Wasatch AqUiter ... ... e e e e e e 17

Parachute Creek Aquifer . ... ... ... . 17

Unconsolidated AQUifers . ... ... . i e e e e e e 17
SUMM A RY . .o 18
REFEREN CE S .o e e e e 18

FIGURES
Figure 1. Grand County, Utah location map . . ........ .ttt ittt et et et ettt e e e 2
Figure 2. General direction of water movement in the upper ground-water system (from Blanchard, 1990) .............. 13
Figure 3. Estimated ground-water inflow rate to the Colorado and Green Rivers (from Rush and others, 1982) .......... 14
Plate 1. Areal extent of the Lower Paleozoic aquifer . . .. ... .. ... . . 21
Plate 2. Areal extent of the Cutler aquifer .. ........ ... .. i i e e e 22
Plate 3. Areal extent of the Navajo and Wingate aquifers ... ......... ... . . i 23
Plate 4. Areal extent of the Entrada aquifer . ........... .. i i 24
Plate 5. Areal extent of the Morrison aquifer . . .. ... ... . . 25
Plate 6. Areal extent of the Dakota aquifer . .......... ... . i 26
Plate 7. Areal extent of the Parachute Creek and Wasatch aquifers ......... .. ... .. .. .. .. .. .. .. ... 27
Plate 8. Areal extent of the potential unconsolidated aquifers . ........... .. .. .. . i 28
TABLES

Table 1. Characteristics of the major geologic units and their hydrologic characteristics and significance, Grand County
(adapted from tables by Sumsion, 1971; Schlotthauer and others, 1981; Blanchard, 1990; Gloyn and others,
1995; and Gwynn, 1995; stratigraphic thicknesses after Hintze, 1988) ............. .. ... ... ... ... ..., 3
Table 2. Drinking-water and ground-water protection regulations in Utah (Snyder, 1996a) . ......................... 15



A SUMMARY OF THE GROUND-WATER RESOURCES
AND GEOHYDROLOGY OF GRAND COUNTY

Chris Eisinger and Mike Lowe
Utah Geological Survey

ABSTRACT

In Grand County, ground water has been
withdrawn primarily from two types of aquifers:
fractured rock and unconsolidated deposits.

Some of the better water-yielding rock units are
grouped together into nine aquifers, including:
the Lower Paleozoic aquifer, the Cutler aquifer,
the Wingate aquifer, the Navajo aquifer, the
Entrada aquifer, the Morrison aquifer, the Dakota
aquifer, the Wasatch aquifer, and the Parachute
Creek aquifer.

The Navajo Sandstone is one of the
shallowest and most permeable formations,
generally producing water having low total-
dissolved-solids concentrations; it is therefore the
target for most bedrock wells and the principal
source of drinking water in southern Grand
County. Unconsolidated aquifers are also an
important source of ground water, especially in
the Spanish and Castle Valley areas.

Recharge to Grand County aquifers is
principally from infiltration of precipitation and
stream flow, primarily originating in the La Sal
Mountains and Book Cliffs. Sources of discharge
in Grand County include: outflow to the Colorado
and Green Rivers; evapotranspiration by
phreatophytes and hydrophytes; spring flow and
seeps; consumptive use of ground water for
irrigation, public supply, domestic purposes, and
sewage treatment; and subsurface outflow.

INTRODUCTION

This report summarizes published
information regarding ground-water conditions in
Grand County. During the preparation of this
report we identified several types of information

that are not presently available, but can be useful
for evaluating ground-water resources, including:
(1) structure contour maps showing the depth to
aquifers, (2) isopach maps showing the thickness
of aquifers, and (3) fracture domain maps
showing the predominant orientations of rock
discontinuities.

SETTING

Grand County (figure 1), a rural county with
a 1990 Census population of 6,620, is in
southeastern Utah in the Colorado Plateau
physiographic province (Stokes, 1977). Typical
of areas in the Colorado Plateau, Grand County’s
landscape is characterized by high plateaus,
deeply incised canyons, and long, continuous cliff
faces. Other major landforms include the La Sal
Mountains and several collapsed salt anticline
valleys, such as Spanish Valley and Castle Valley.

Average annual precipitation in the county
ranges from greater than 30 inches in the La Sal
Mountains to about 6 inches along the Green
River near the city of Green River (Blanchard,
1990).

Three major, perennial streams flow within
or along the border of Grand County: these
include the Colorado River and two of its
tributaries, the Dolores River and the Green
River. Mill and Pack Creeks near Moab, and
Cottonwood Wash near I-70, are also perennial
streams (Blanchard, 1990), but parts of the Pack
Creek channel are dry except during periods of
heavy runoff because flow is diverted for
irrigation (Sumsion, 1971). Most of the other
streams in the county are intermittent, at least in
their lower reaches; therefore, ground-water
aquifers are a major source of culinary water.
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Figure 1. Grand County, Utah location map.

CHARACTERISTICS OF MAJOR
AQUIFERS

In Grand County, ground water has been
withdrawn during this century primarily from two
types of aquifers: fractured rock and unconsoli-
dated deposits. The characteristics of geologic
units in Grand County, along with their
hydrologic properties and significance, are pre-
sented in table 1. The principal aquifers are dis-
cussed below.

Fractured-Rock Aquifers

All of the bedrock units in Grand County can

Utah Geological Survey

be water bearing to some degree, depending
on permeability, thickness, and location with
respect to recharge areas. The permeability
of bedrock aquifers depends both on primary
permeability due to interconnected void
spaces between particles, and secondary
permeability due to fractures (faults and
joints). Primary permeability is important in
some rock units, such as the Navajo
~ Sandstone, but the amount of secondary
' permeability is the primary factor
determining the ability of most bedrock
aquifers to yield water in Grand County.
The major water-yielding rock units in
Grand County are part of either an upper or
lower hydrologic system (Rush and others,

T.16 S.

| "*** 1982; Weir, Maxfield, and Hart, 1983; Weir,

Maxfield, and Zimmerman, 1983; Blanchard,
1990). The two systems are separated by
impermeable salt beds of the Pennsylvanian
Paradox Formation, which underlie much of
the county. The lower hydrologic system
includes all units below the base of the salt-
bearing beds (table 1). The upper hydrologic
system contains all consolidated and
unconsolidated units above the Paradox
Formation (table 1). The Paradox Formation
acts as a confining bed that provides an
upward ground-water gradient for the lower
system in the Grand County area, but also
typically prevents upward leakage from the lower
system to the upper system (Rush and others,
1982; Weir, Maxfield, and Hart, 1983).

Some of the better water-yielding rock units
are grouped together into nine aquifers, one in the
lower hydrologic system and eight in the upper
hydrologic system (table 1). From oldest to
youngest (in order of decreasing depth at any
given location), these aquifers are the Lower
Paleozoic aquifer, the Cutler aquifer, the Wingate
aquifer, the Navajo aquifer, the Entrada aquifer,
the Morrison aquifer, the Dakota aquifer, the
Wasatch aquifer, and the Parachute Creek aquifer
(table 1). The aquifers are not laterally or
vertically homogenous and they are treated
individually in the following discussion, since
little is known about interaction between the



‘'spaq
9)Iuojuaq ujy} SWOoS SUlBjuod ey} djeys pue suojspnw S
e ‘9seq 8y} Je JaqWIS|\ Yunun] 8y} pue ajeys Apues eale |eg n el
pue suojspues pappag-uly} ‘pauiesb-auy e ‘9ippiw sy} ul e/qeo ul ) [
‘sbuiids o3 1ajem swos spjaik Jaquial\| SUOISpPUEBS UOJISH 83U} :9U0}SaWI| PUE SUO)JSPUES 00L1 - 00E C] o
J9qId\ SUOISPUBS UOLISH 8y ‘dules Aleys 1o sjuojuaq Jo Spaq Uiy} SUIEIUOD Jey} djeys kel z
S| ‘)l WOoJj PAALISP WNIAN||0D JO WNIAN|E e ‘doj 8y} Je Jaquiapy ajes) an|g ay] silaquiaw aa1y} sey | Ajuno) pueio e o
u| JO ‘9eyS SOdUB\ Sy} Ul Jojepn 9Jeys soouepy 8yl -dnois) apianesayy BulAlIono sy} yum uJaypou u } S
‘painjoely SSajuN Jajem jo Juswanow | siabuisiul Ajjeisje| pue yym |euoiepelb si pue ‘suojsawli| +000'Y El El
Hun Buluyuo)d oy} 03 Jolueq e ‘Ajjiqeswsad mo| A9\ | 1O SUOISPUES JO SPAQ UIY} M} B SUIEJUOD JBy} S|eysS Sulefy - 09¢g'‘s 9Jeys soouepy J N
o)
JBAIY usaI9) Ul
056°L - 025}
‘auojspues
‘siajinbe jenuajod oleyap Buiwiol-yi|o e si suoispueg ajebajise) "spaq |eod BaJe 09sID) Ul dnoio
jun Buluyuod aJe S}lun SUOISpPUBS "JS}JEM SWIOS SP|BIA pUB 8jeys Y}IM pappagiajul Sauojspnw pue sauojspues | 005z - 0SL‘L aplaness|
(2 @1ed) JoyInby ‘wdb og ‘9uUolSpnWw pue djeys YlIMm auolspues aulj 0} uonewIo
yojesepn jnoge ‘Buds auo 0} Jajem ysaly SpISIA ajelawolbuoo asieod woly buibues ‘sysodsp |ejusunuo) | 009°L - 000°L yojesepn
(2 ayeld) ‘wdb oz 3noge o3 wdb | uey; "N} pue ‘auojsy|is BELIUETIMEET) A
J9)inby $$9| WO} ‘sbulids 0} Ja1em ysalj SpIIA ‘auUOISpuUBS BWOS YlIIM ‘S[eys |10 pue auolsjiew Aaiyd alnyoeied ]
NEETTe) e
ajnyoeled Auno9 puels “
Spaq 8jeuoqJed pue ‘sucjspues ‘auoisAe[o auujsnoe| ulaypou ui uoljewlo4 1
Buuabuipaiu] "AJunod 1o Jed uisyuou sy ul Ajuo Juasald +000'G-0 J9AIY UL ] u_u
1 :
"Ja}em Ysaly Sp|aIA "s)ooJ Alejuswipas Sulejuno w
a|geaw.ad juadelpe sabieydoay -payne; ‘SU}I|000€| pUB ‘SH00}S |es e 9u3 jo o
10 ‘painioely ‘pajuiol aiaym Ajuo Jsjem ‘s||is ‘sayIp Se suoljewlo} Alejuswipas Jap|o papnJul s)001 snoaubi u
pialA 03 umouy “Ayjigqeswtad moj Aiop 1ey} AuAydiod ajuahs pue ‘@uozuow ‘S)IoIp JO SISISU0D anIsnJu| w
A
‘sysodap [suueyd [anelb pue pues eale [eS m
UM sjisodap ule|dpoojj paljijelis-|jom pue papos-|jam ojul e7/qeoly ul u
‘A9|leA ysiueds jo ease | payiomal aie s)ysodap sased Auew u] ‘xujew Apues ues|o 00€-0 1
pIal} |lam geoly ay3 ur abieyosip 3saybiH B Ul sJap|nog pue ‘sa|qgqod ‘|aAelb papunoigns 0} papunol 9
(g @1€1d) ‘sBuuds pue sjjom 0} Jajem jo saiuenb Ajjeiouas) -sjsodap a0e.Id) pue ‘spues ueljos ‘i [eoe|b | seale 09s1D 9 M
slajinby abie| 0} ||ews sp[alA ‘Ayjigeswiad ‘syisodap juswipad pue apispue| Buipnjoul sgap [BIAN|I0D | JBAIY USAIS) Ul sjisodap n
pajepijosuooun ybiy 03 moj ‘Jaynbe |ediouud ‘sjonelb pue pues [eiAnjje o sysodap pajeprjosuooun 001 -0 l4-Aajien [@)
wajsAg aouedyiubis ()
19jinby pue sonsuajoeIeyd 2160j01pAH uonduosag SSauUoIYyL jun 2160j099 wolsAs elg

(8861 “9z3ury

Joyye sassauyory} orydeidnens <Gg6| ‘UUAMD) pue (GG “SIOYIO pue UAO[D) {0661 ‘PIeydue[d 1861 ‘SIOUIO puk JIoneyno[yos <[L6] ‘uoiswng
Aq s9[qe} woy paydepe) AJuno)) puein) ‘OOUBIIJIUSIS Pue SIIISLIAORIBYD J130[0IPAY 1Ay} pue sjrun 9130[033 Jofew ay) Jo sonsLdovIRY) *T dqBL




‘'sanjen AYAI}oNpUoD
pue AJAISSIWSUBI} MO “Hun Buluyuo)

‘JUSWUOJIAUS SuLIeW-Mo|[eys e Ul pajisodap
auolspues Ajjis pue ‘auolsyjis Apues ‘pappaq Alu00d

Jaquisn
abpug Aemaqg

seale 00sI)
‘wdb g uey) sso| Ajjesouab ‘sbuuds pue Jany
pue sdoas 0} Jajem ysalj SP|SIA ‘epeljul ‘uIblo sullew-mo|eys A|qissod pue uelj0s Jo auojspues usals) 8y} ul Jaquisn
8y} Jo auolspues buipjaif-iazem jediduud PappPag-sS0I0 ‘DAISSEW ‘paulelB-wnipaw 0} -auly A9 0.V - 061 300y XIS
‘painjoely aloym | x3)dwod sunp-|e}SEOD B US3Q SABY O} PAASI|aq SUO}SPUES
Ajle1oadsa ‘yun abieyoal e Ajuewd pPoppPag-SS0IO ‘BAISSEBW ‘PALOS-||oM ‘paulelB-wnipsjy eale Jaquis|\l geon
|es e7/qeo
(¥ o3e|d) 'S9l0B} UB||09-|BJUBUIJU0D pue ay} ul auojspues
Jayinby epesjug ‘aunp-|e}SE0D ‘SULIBW-MO|[BYS ‘90BJDI0YS JO SBUOISPUBS 026 - 062 epeJjug
‘Aywioyuooun oIsseinr e
AJunod jo ued uisses ul papos3 "do} S} Jeau SuoI}BIOU0D 5
(suoysawl| ‘Aj|eo0]| ‘pue) Payo jo auoz Jejnbaull Ue sulejuod _
-J9Ae| Buluipuod e ‘painjoel} J0 pajney ‘auojspues pauielb-auly 03 auly AJoA pue ‘BuolIsyIs ‘Ojeys eale uonjew.o s
a1aym }dooxe Jajem JO JusWaAoW ay} pajeulwe| ‘snosayisdAB pue snoaieojed isaioey [elAN) | JOAIY UsaI9) Ul Si1]gTe) s
nun Buluyuon 0} Jauueq e ‘Aujigeawuad moj 0} mo| Auap pue ‘1e|} |epn ‘suliew-jeulbiew Jo sauolsyis pue 9jeys 00v - 001 -9|IBWWING e
"SUOI}2IoU0D SNO3DI|IS 8}Iym abie| sulejuod ! o)
-J9)inbe jenusjod e ‘sbunds Ajje20] pue spaq uly} ul suolsawi| Aesb ‘Buippaq wnipaw n |
0} Jojem spjalA ‘ajqeswuad Ajojelapol 0} UlY} :9U0}Spues pue auojs}|is paulelb-wnipaw o} -aul J19quIB [[BMPIL r o
z
"BS9I\ Ynog uo Bunds auo o0} "Jaguiaw 8y} Jo aseq 8y} Jeau auojsauwl| o
(g a1€1d) J9]eM duljes SPISIA "qBOJ\ JO }somyuou 10 Spaq uly} sey pue gjeys snosaysdAb pue snoaleded jo S
Jayinby sbulds pue sdess 0} Jajem jo saijjuenb Spaq UlY} SUIBJUOD ‘BUO}SPNW Y}IM Pappadiajul SUO}Spues Jaquis|y )
UOSLLIO Jlews spjaiA ‘ajqeawlad Apybis oljeIawo|Buoo-sawilewos ‘paulesf-wnipaw 0} -aul4 ysep yes N
‘l1om auo 0} ‘wdb | uey) ss9| ‘Joyem
aules Ajpybils pjaik 0} umouy| "painjoel} -10]092 9|dind pue ‘usalb ‘pas pajebalien Ajjensn
10 pajney} a1aym }da0xa JUSWSAOW JS}eM ‘auojspues pue ajelawo|buod ajqqad-uayd Jo Sasus| Mmay
0} Jalleq e Ajlensn si pue Ajjiqeswlad | e Buluiejuod auojs)|is pue suo}sSpNW dljuojuad ‘pajeulwe] Jaquisn
nun Buluyuon mo| Aian sey Jaquiapy uiseg Aysnug ayl uiseg Aysnig
‘auo)saWl| Jojem
ysaJ} JO SPaQ M3} B UIBJUOD JBY} SUOISpUBS pue ‘suoispnu uonjewlso4
‘auojsyis ‘s|eys |elAn}} Ajysow jo sysodsp [ejuauuoD 006 - 00¥ uosliLop
S
uoljewlo n
uoAue) o]
oung )
eale |eS B Ul Q )
0S¥ - 08 ‘uonewod e
ulejunopy }
‘sbulids ||ews maj} e 0} Jajem Auno9 puel Jepan )
(9 a1€1d) SPISIA “Painjoel} IO pajney} asoym }daoxe *Aunod jo paiy} uiayuou ul ‘auoispues 1
Jaynby ejoyeq Ayjngeswiad mo| 0} mo| AJan Ajleleuss) uJayinos ul papoid A|JSO\ "SSUO}SPUES [BIAN[} YIM SeyS ovZ-0 ejoxeq o)
wayshs souedniubis )
194inby pue sojsiiajoeleyd 2160j01pAH uonduosaq SsauyoIyL jun o160j0a9 wajsAs eig




‘sued jseayinos pue yjnos ay}
ul Ajuo Ino sdoud Ing ‘Aunod ul aseymAians Juasald s| un

Ajunoo ay} jo Jed ula}sam ay} Ul Sajoe) auo}salll| sulew ° °
‘J19)em-mo|[eys e 0} AJunod ayj jo ued uisises ay} ui eale ! !
spaq [elAnyy pue ‘olejjap ‘Jely-|epl woyy sepelb jey) ysodsp |es e7/qeon S °
aulew [euibiew e sjuasaidoy “spaq wnsdAB ulejuod ayj ul s z
A||e20] Jey} auojsyis Aleys pue auoispues Aj}jis ‘snoaoediw 05/ - 065 € °
‘paulesBb-winipaw 0} -auly JO SPaq ‘POUOIUOD AUOLIWOD ! s
‘painjoely 10 ‘payney ‘pajuiof alaym ‘Uly} pappagJalul Jiun 1I8MoT "Paq auojsawli| sulew Bale JIany ! o
1daoxa Jajem J0 JUSWSAOW BY} 0} Jalleq Uiy} e suiejuod ‘saode|d ul ‘Jey} auoispues aAISSEW YOIy} usal9) ay; ul uonewlo4 L W
spag Buiuiyuon e ‘Ayjigeawlad mo| A1an Ajuowwo) pue ‘auojspues Abbe|} ‘uiy} ‘sucisyis Ajeys :jun jaddn 0L6-0.9 1doxyuaopy
eale b}
|es e7/qeon !
ayj ul s
‘Aunog puelo jo sped uisyseayinos 059 - 0G1 s
‘Ajuno) puelis uj Jajem pue yjnos ayj ul jno sdoi) -Hed Jamo| sy} ul suojspnw e
S[3| SPISIA “painjoely Jo ‘pajney ‘pajulof pUE dUO}SPUES JljeJawWwo|Buod ‘|eiAny pue ‘gippiw ay} ul | Ajuno) puelo |
a1aym 3daoxa Jajem jo jJuswanow ay} | suojspnw AjJew pue suojspnw ofjluojuaq ‘suuisnoe| ‘uield ulaypou ui uoljewlo4 1
Jun Buiuyuon 0} Jauueq e ‘Aujgeswsad moj 03 moj Aiap, | -pooys ‘doy ay) Jeau auoispues d1jesawo|buod pue suoisyiS ovS - 06 a|uIyd 1
‘BJUBARY] eale
BuiAlzano jo Aousradwod pue Ayjigeswiad |es e7/qeo
ayj uodn juspuadap si abieyoay ayj ul
"eale JaAY 0peIoj0D-Ad)leA qeopy ay} 0G¥ - 0S1
ul sbunds pue sdaas 0} Jajemysaly SpISIA
‘Auug 03 aules A1an aq Aew Ajjed0| Inq *AjunoD puels 0 jjey ulayinos ayj ul Ajjusiiwiaiul seale 00S1)
(¢ =1d) ‘aules Ajajeispow 0y ysaly si ajebuipy au} puno4 ‘sainsodxa }Sow Ul SPI|O |EDIUSA SWIO0S pue Janry
Jaynby w0y} JaJepA "PaInjoely JO pPa}ne} siaym ‘9UOJSPUBS UBI[0d ‘pajuswWad-|[om ‘pappaq Ajonissew usalI9 ay} ul auojspues 5
ajebuipn jdaoxa Ajjigeswiad moj 0} mo| AJap ‘snoaledjed ‘pauielb-wnipaw 0} -auly AIaA ‘papos-||IdAA 00¥% - 00E ajebuipp |
“J9)inbe uoAue) w
us|9) 8y} swioy ‘sauojspueg ajebuipy pue o
oleneN ay} yum bBuoje ‘pue ease A9|jep eale bo} s
ysiueds-¥a319Q [lIN 8y} ul s|qeswiiad |es e7/qeoin ! s
aIow S| jun "ejuskey sy} yum JOejuo0I je ay} ul s
oleneN jo aseq wouy anss| sbuuds ‘Bulf| 00S - 0%l s W
Jej} aie ejuake)y] pue oleneN aioym sease e
u| "painjoel} Jo pajney aiaym }daoxa "8U0}SalUI| BULISNOE| JO Buojspnw jo spaq | Ajuno) puels 1
J9JEM JO JUSWISAOW 8y} 0} Joleq B Jo | ylm ‘sjeys pue ‘auo}s}|is ‘Suojspues |eian; ‘oijesawolbuod uJaypou u uoljew.o4 n
jeymawios :Ajjigeswltad mo| 0} mo| Aiap Ajleoo| ‘pappaq Aleinbalil ‘paulelb-asieod o} -auly A1ap 0SZ-0 ejuakey r
‘wdb 000‘z Se yonw se
s| abieyosip [9pn "wdb 0Og uey} alow 0}
G uey} sso| wouy sabuel abieyosip Buudg ‘uoIewWIO}
‘eale ayj Jnoybnouy; sjjem pue ‘sbuuds Jo doj Jeau suozijoy auojsawi] ‘saxe| eAeld ul pajisodap
‘sdoas 0} Jajemysaly Sp|aIA "I9}em Jo Aj9j1] 819M JEY} BUOISBWI| JaYemysal} ‘Oiiwolop ‘Auayo
(¢ =1d) saniuenb abie| 03 ||lews spjalA painjoeuy JO spaq sulejuod A||ecoT "BuOjSpuES UEeljod paulelb auojspues
Jaynby ofeneN aloym Inq ‘Ayjigeswuad Arewd moT -WINIPaW 0} -dUl} ‘OAISSBW ‘POLIOS-||dM ‘POpUNOI-|IOAA 0SS -0 oleneN
"Ajunod jo ped uis)sea spiemo} Jno sayouid eale Jany
‘JAAIY UdaI9) o AN 8y} 0 YInos Ino sdos) ‘suoispues usalI9 ay} ul uoljew.o4
jun Buluyuo)d "Jajem p|alA 0} umouy| JON snoaleojed pue ‘sjeys ‘auojsawl| ‘wnsdAb aulely 00€ - 022 Jswie)
wayshs souedniubis )
13)inby pue sopsla)oeleyd o1bojoipAH uonduosag SSauyoIyL jun 2s160j039 wajshg elg




"painjoely 10 payney alaym

‘90BUNS Jsiey e
uo padojanap jey} yjjobal se payiusapl Ajluowwoos jisodsp
|EJUBUIIUOD ¥ "8SE( ay} Jeau Ajenoiued ‘onjesawo|buod

jdaoxa Jajem J0 JUsWSAOW 8U} 0} Jalleq A||eD00| ‘eu0)saLWII| pappag-uly} SWOS Suleuoo uoljewlo
spag Buiuyuo) e Ajgeqoud ‘Ayngeswiad mo| 0} mo| Auap Jey} duojSpues snoaled[ed pue ‘ajeys AyIs ‘auoisjis 001 -0 SE|ON
‘Aunoo a8y} jo Wed M
UJS)SEaYLOU By} Ul Sauljoljue }es ay} ul 1sayoly} st dnolo :
BSOWIBH 8| S}USWIPaS OISOMJE 8SIe0D YIM Jabulpaiul u
sleqwiaw aa1y} ||e ‘nesje|d ai6yedwooun ay} pJemo ] e
~1/6w ‘uiseq ajiodens aujjesiadAy 0} yays pue [eoys sulew A o]
000‘00% PR99X8 UED SUOIJEIUSOUOD woJ} abuel syuswuolIAuL [euolysodap 8yl ‘eouanbas | |
spllos-panjossiq “Auliq 0} auljes ajuiodens ayj Jo Ynos pue }sam ayj} 0} auoispues K o
Ajojelopow si Ajjensn dnols) esowsH ay} paulelB-aulj pue s|eys Yjim pappacuajul a)wojop s z
wolj Jajem ‘sdoiojno je jdeox3 ‘jusolad pUE dUO}SaWI| PUe ‘uiseg Xopeled au} jo Jed }sadasp u o
0S Se yonw se Jo saljisolod aney uedo BU} SEM JEUM Ul SUOJS}IS pue auojspues paulelb-auly | Ajuno) puels u )
pue sjgeswiad Ajybiy aq Aew susodep pue ‘9jeuoqJed ‘ajeys yum pappadgiaiul susodap spsodens uisyuou ul s |
|ewuayolq pue joay ‘padojanap aney Jo @ouanbas Y01y} B Sulejuod UoIjeWIoH Xopeled syl 000‘'2-0 d e
S|auuBYD UOIIN|OS BJ8YM JO painjoel} Jo ‘uUOWIWIOD OS|e dJe swuayolq [ebje pue sjeay "ajIpAyue d
pajine} a1aym 3dooxs Jajem JO JUsWSAOW pue 8|eys JO SpagJajul UIY} [BUOISEOD0 pue ‘ajeys Apues eale
ay} 0} sJalleq ale Ajjensn ‘swiayolq ‘BU0JS}|IS pPUEB BUO}SPUBS SNOJEDIW paulelB-aul Jo spaq |es e/qeon
pue sjeal ydeoxa ‘syool ajeuoqie) | suiejuoo jey} ajwoljop pue auoisawl| PapPag-X21y} O} -Uly} ay} ul
"JOJEM JO JUSWISAOW By} 0} Jallieq e ale 9pN|OUl SUOIJEWIOS [IBJ] UOMSYUIH PUE [IBJ] JO)euoH ayl +000°2 dnoig
spag bBuiuyuo) | seyiodens “Aygeswsad ybiy o} moj A1ap "SUOIJBWIO} 931U} OJUI PapPIAIP Uaad sey dnols) esowloH - 00S'‘S esowlaH
‘9}esawo|buod pue
auolspues 2IsoyJe paulelb 9SIe0d 0} WNIpaw o aousnbas
301U} B - J9)InD pajenualayipun yym Jabuisiul uojzewso
uoAued jueyds|3 pue auojspues esal\ Jepa? }jses eale Jony
0] ‘SuoAued Jadasp 8y} ul pue Saul[DIIuE J|esS JO S}Sald uaal9) ay} ul
8y} uo papoia asaym jdaoxa AJunod aiiue ayj saluepun | 00Z‘L - 000°L
‘Auuq 03 aules Ajajesapow uoIJewWL.O} SIY] duolsawi| AUayd ‘pappag-}o1y} 0} -uiyl
S| uoljewlo uoAue) jueyds|3 pue ‘ajeys Apues pue auoj}s}|is SNoSoEdIW ‘snotajisdAB eale
ay} wouy Jarepn ANAIONPUOD dlnelpAy Ajued ‘auoispues snoaledjed ‘paulelb-wnipaw 0} -auly |es e/qeon uonjew.o u 2
2ISuljul Moj e sey AjjeJauab uorew.oy Jo sysodap |eiAn}} uiejd-|e}seod pue ‘sjisodep auljsioys ay} ul uokuen e |
ay} Inq ‘s|qeswuad ale sauojspues PUE 2J0YysJeau pajeloosse ‘s)isodap ajeuoqled sulep 0051 -0 jueyds|g | o
: z
‘JUSWUOJIAUD SI0YSaI0} eale JonY % o
‘eale AJUnoD puels) ayj Ul Jajem auLleW-Mo|[eysS e Ul pajisodap usaq sey jey} auojspues usals) ay} ul auojspues 5 )
pISIA 0} umouy Jou Ing ‘Japnbe ue aq Aepy UBI|09 ‘pPappag-ss0d APoIy} ‘paulelb-asieod 0} -aul4 000'C - 00€‘} esay Jepa)d d |
e
-do.ojno jo uibiew Buoje sdoss '$9108} X9|dWO09-JEqPUES pUB 2I0ySIeau ay} SI eale d
0} Jojemysal} splalh ‘uoAued Jojhe Jey} auojspues pauos-||om ‘paulelb-2sieod 0} -wnipawl v 00s1D 8y} ul
[om 0} Ja3em auljes Ajubiis spaIA 000'6-0 wry 84U
‘'suoAueo Jadaap ayj ul
‘painjoeuy JO pajne} aiaym | pue saulonue Jjes 8y} JO SIS0 dY} UO UOIS0IS AQ PaAOWS) eale
jdaoxa jJuswanow Jajem 0} siallieq ale alaym jdeoxa AJunod ay} jo ||e salllepun "SOIISE|D |es e7/qeo
(z @1€1d) spaq Ajleys "painjoelj Jo pajne} aiaym QulIBW 9JOYSIEeau pue [Bjusuiuod paulelb-iaul pue ayj ul
Jayinby JopInD jdeoxa Ajigeawsad mo| 0} mo| AIap ‘sojelawo|Buoo ‘sajesswo|buey) oisoyie pue asoyie [elAnld | + 0009 - 00% dnols J9)jnH
wayshs souedniubis )
194inby pue sojsiiajoeleyd 2160j01pAH uonduosaq SsauyoIyL jun o160j0a9 wajsAs eig




‘painioeuy 40 ‘payney

"JaAld OpelI0|j0D) Jeau Ajunod

‘pajuiof a1aym 3daoxa Jajem Jo Juswanow puels) jo Jed uidjses ayj ul punoy ‘syo0l auljje}shio uelqwedald
2y} 0} Jalueq e ‘Ajjigeawsad mo| Ausp $)004 d1lydioweldw pue snoaubi pajyeiuaiayipun
eale
|es e7/qeon
‘pa}j|ney Jo painjoely ‘auojspues a|qeuy Aipybiis ayj ul ajizyend u
aloym 1daoxa Ajjigeawsad mo| Ausp ‘pappag-uiyl jo Jsodap sulew anissalbsuel) [eseq 00€ - 001 oroeub) e
‘}sea eale L_
‘painjoely Jo pajney | o3 }sem woJj SUOISpUBS pUB SUOIS)IS 0} S|BYS 0} S}eUOqIeD |es e/qeon
a1aym }daoxa Jajem JO JusWSAOW 3y} O} woly sapelb uoljewlo) 8y] “suojsawi| pue ‘sjwojop ayj ul aleys q
Ja1ueq e ‘Ajjigeawsad mo| Aian Ajgeqoid ‘au0jsy|Is ‘auoispues paulelb-aull ym pappadiaiul 9jeys 001 -0 91buy ybug FM 2
|
‘Auliq o3 aules 0 o
AJon s| JaJe\\ "PaINJOEIS IO PA}NE} BIaym z
spag buiuyuo) jdaoxa Ajjigeswiad mo| Asan Ajqeqoid ‘8|eys pappagiajul pue S}IWO|Op SULBW SAISSE 000°‘l - 008 ajwojoq YouAT o
9
"JUSWIUOIIAUD J|BYsS |
-aullew ‘|epiuajul Yed ul ‘Jajem-mojjeys e ul paysodaq u e
9}Wo|op Apues JO syealis yum ‘oiuooneb Ajuowwod e d
‘Aulig 0} auljes Ajejeiapow S| Jajem ‘auojspues pajuswad Ajybi ‘pauos Alood ‘paulelb |
‘auojsawi] AeunQ 8y} a1 ‘palnioely -WINIpawW 0} -dul} B S| JOqIB)\ SUOISPUBS USNEIDON uoljew.o4 u
10 paj|ney} a1aym }daoxa Ajjigeswiad mo ‘aleys Apues suiejuod jey} ajiwojop Apues ‘pappag-ulyl 00€ - GZ1 paq|3 0
(1 ore(d) A
J9)inby ‘Auuqg 03 aules Ajajesapow ‘JUSWUOIIAUS dullew 9
010Z03|ed S| JaJe\\ "painjoely JO pajne} alsaym Mojeys ‘1ajem-}ainb e uj pajisodag -s|eys jo sbuiped auojsawi a
JEN o 1daoxa Ayjiqgeawiad moj 01 mo| Alop SUIBUO0D AJ|ED0]| JBY)} Suolsawl| O1Hj00 AjUuoWWoD ‘asuag 051 -0 AeinQ
u
e
eale ]
les e/qeo d
‘J|9ys aullew ‘1ajem-mojjeys ‘lejs Ajoaiejal ‘peolq e oy} ul |
‘Auliq 0y auljes Ajsjesapow Ajjesausb uo pajisoda "auo}sawWi ||eMpay Sy} Paj|ED S| UOIJEWIOS 009 - 00€ S
S| SUOISAWIT J|IAPEST BY} WO} JBJBAA SIy} Seale Jayjo U] "S|eys JO Spaq Uly} ulejuod Aew osje w
‘padojanap aney S|SUUEYD UO[N|OS pue doj ay} Jeau auojsawl| Jo Spaq Uly} suleuo Ajjeao| eale JIany S
2J9YM JO ‘paInjoely IO PAYNEY BIBYM Jey} aywojop Auayo ‘anissew Jed JamoT ‘auolsawi| usal9) 8y} ul auojsawi w
spag Buiuyuo) jdaoxa Ajjigeswiad moj 0} mo| AJap ‘0131|000 SaWIlBWOS ‘pappag-uly} ‘esuap :ped Jjaddn 008 - 009 a|jInpea] N
wayshs souedniubis )
13)inby pue sopsla)oeleyd o1bojoipAH uonduosag SSauyoIyL jun 2s160j039 wajshg elg




8

aquifers or the degree to which they are isolated
or perched due to confining beds. In general, the
shallowest aquifers are best because they
commonly contain higher quality water than
deeper aquifers and are more easily accessible.
Ground water for consumptive use comes almost
exclusively from the upper hydrologic system.

Ground-water information is not equally
available for all areas or all geologic units in
Grand County. Other potential aquifers may be
identified as a result of future development
and/or further investigation.

Lower Paleozoic Aquifer

The aquifer in the lower hydrologic system,
the Lower Paleozoic aquifer, consists of, from
oldest to youngest, the Devonian Elbert
Formation (especially the McCracken Sandstone
Member or its equivalent), the Devonian Ouray
Limestone, and the Mississippian Leadville
Limestone (also called the Leadville Dolomite or
Redwall Limestone in some areas) (Rush and
others, 1982). These geologic units do not crop
out in Grand County, but likely underlie most of
the county (plate 1) except where intruded by
Tertiary intrusive rocks. This aquifer is an
important source of ground water in some areas
of San Juan County where it is called the
Redwall aquifer (Gloyn and others, 1995; Lowe,
1996). Based on drill-stem tests, Wetir,
Maxfield, and Hart (1983) rated the Lower
Paleozoic aquifer as having the highest average
hydraulic conductivity of all the units they
evaluated. However, the Lower Paleozoic
aquifer is generally too deep (generally greater
than 3,900 feet, based on Rush and others [1982,
table 15]) in most areas of Grand County to be an
economically feasible target for water wells.

Cutler Aquifer

Regionally, the Permian Cutler Formation
(plate 2) is part of a confining unit (Rush and
others, 1982; Weir, Maxfield, and Hart, 1983),
but permeable portions of the formation are a
locally important aquifer. The Cutler Formation
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consists of subarkosic to arkosic sandstone,
conglomeratic sandstone, and conglomerate
interbedded with mudstone and siltstone which
in outcrop forms ledgy slopes interrupted by
short cliffs (Ross, in press). The Cutler
Formation ranges in thickness from 0 to 5,000
feet in east-central Grand County (Ross, in
press). Potential aquifers include the Cedar
Mesa Sandstone Member, the White Rim
Sandstone Member, and permeable portions of
the undifferentiated Cutler Formation (table 1).
The Cedar Mesa Sandstone is an important
aquifer in San Juan County (Gloyn and others,
1995; Lowe, 1996), but is not known to yield
water to wells or springs in Grand County.

The White Rim Sandstone crops out in
Canyonlands National Park near the mouth of the
Green River and has many springs and seeps
along its lower contact. While none of these
springs and seeps individually discharge more
than a gallon per minute, three wells drilled into
the White Rim Sandstone yield from 25 to 100
gallons per minute (Huntoon, 1977). Huntoon
(1977) notes that, “...parts of the White Rim
Sandstone that lie below 4,200 feet in elevation
are generally saturated and the water occurs
under artesian conditions.”

The undifferentiated Cutler Formation near
Castle Valley is a source of water for about 30
wells (Blanchard, 1990). Well depths generally
range from 150 to 300 feet below the land
surface (Snyder, 1996a,b). Five wells in this area
have discharge rates ranging from 20 to 40
gallons per minute (Blanchard, 1990).

Wingate Aquifer

The Wingate Sandstone, which comprises
the Wingate aquifer (plate 3), crops out in the
southern half of Grand County, typically forming
an abrupt, high, desert-varnished cliff. The
Wingate Sandstone is the lowest formation of the
Jurassic Glen Canyon Group (Hintze, 1988).

The Wingate Sandstone is fine grained and well
sorted, with massive, tabular cross-stratification
(Sumsion, 1971). It is typically between 150 and
450 feet thick in the Moab-Arches-La Sal area
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(Hintze, 1988), and generally capped by the
erosion-resistant Kayenta Formation.

The amount of water that infiltrates into the
Wingate Sandstone is directly related to the
permeability and amount of fracturing in the
overlying Kayenta Formation (Blanchard, 1990).
Where the Kayenta is impermeable or highly
competent, negligible recharge to the Wingate
aquifer occurs. Conversely, where the Kayenta is
highly fractured, the Wingate is readily
infiltrated and recharged. Although the Kayenta
Formation is a confining layer that in most areas
of Grand County separates the Wingate aquifer
from the overlying Navajo aquifer, in the Mill
Creek-Spanish Valley area the Kayenta consists
mostly of sandstone and the three units form a
single aquifer called the Glen Canyon aquifer
(Blanchard, 1990; Steiger and Susong, 1997).

The Wingate aquifer’s intrinsic permeability
is low because of its fine-grained nature, but it is
a competent formation that can yield moderate
quantities of water where intensely fractured
(Sumsion, 1971). Spring discharge for the
Wingate ranges from 10 to 240 gallons per
minute (Blanchard, 1990). Estimated hydraulic
conductivity ranges from 0.1 feet/day to 0.4
feet/day, while the Wingate aquifer’s
transmissivity ranges between 40 and 150 square
feet/day (Jobin, 1962, in Blanchard, 1990).

Navajo Aquifer

The Navajo Sandstone is the uppermost
formation of the Jurassic Glen Canyon Group
(Hintze, 1988). It is fine grained, displays thick,
eolian (wind formed) cross-beds, is weakly
cemented by silica or calcium carbonate, and
crops out extensively in southern Grand County
as massive cliffs and domes alternating with
small depressions (Sumsion, 1971). The Navajo
also contains thin, lenticular beds of gray, sandy
limestone (Sumsion, 1971). The unit is between
0 and 550 feet thick in the Moab-Arches-La Sal
area (Hintze, 1988).

The Navajo aquifer yields water to seeps and
springs throughout its outcrop area. The Navajo
Sandstone is the shallowest and most permeable

formation in the Glen Canyon Group (Feltis,
1966), and is therefore the target for most
bedrock wells drilled in southern Grand County.
The Glen Canyon Group is the principal source
of drinking water in the Moab and Spanish
Valleys area of southern Grand County (Steiger
and Susong, 1997). Plate 3 shows the general
area where the Glen Canyon Group is present in
Grand County, and where the total thickness of
overlying rock is greater than 2,000 feet
(Freethey and Cordy, 1991). Spring discharge
from the Navajo ranges from less than 5 gallons
per minute to more than 300 gallons per minute,
and well discharge is as high as 2,000 gallons per
minute (Blanchard, 1990).

The Navajo aquifer has the greatest
transmissivity values of the major sandstone
units in the Colorado Plateau area because it is
thick, well sorted, and has a relatively high
permeability (Jobin, 1962). There is a slight
increase in average grain size and a slight
decrease in cementation toward the upper parts
of the Navajo (Uygur, 1980), resulting in a
corresponding slight upward increase in porosity
and hydraulic conductivity (Freethey and Cordy,
1991). However, secondary permeability due to
fractures is still the most important factor
controlling the ability of the formation to yield
water. The hydraulic conductivity derived from
unfractured core samples of the Navajo in Emery
County ranged from 0.0037 to 5.1 feet/day
(Hood and Patterson, 1984). Based on oil well
data, Hood and Patterson (1984) calculated that
the hydraulic conductivity of an open 0.001-inch-
wide fracture would be 132 feet/day. However,
such a calculation overestimates the ability of a
fractured-rock aquifer to yield water. The
highest hydraulic conductivity calculated by
Freethey and Cordy (1991) from aquifer tests
was 88 feet/day for a 44-foot interval of fractured
Navajo Sandstone, and values calculated from
aquifer tests in Utah, Arizona, and Colorado
were most commonly between 0.1 and 1.0
feet/day. For the Navajo aquifer in Grand
County, estimated values for transmissivity range
from nearly 0, where the Navajo pinches out in
the east, to almost 700 square feet/day in the
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southwest; hydraulic conductivity ranges from as
low as 0.4 feet/day in the northeast to 1 foot/day
in the southwest (Jobin, 1962, in Blanchard,
1990).

Entrada Aquifer

The Entrada aquifer consists of the Jurassic
Entrada Sandstone, which crops out extensively
in the southern half of Grand County. The
Entrada Sandstone has three members which
yield variable amounts of ground water to seeps,
springs, and wells.

The oldest member, the Dewey Bridge,
consists of siltstone and fine-grained sandstone
(Sumsion, 1971) and ranges in thickness from 40
to 240 feet in the Moab-Arches-La Sal area
(Hintze, 1988). The Dewey Bridge Member
commonly acts as a confining unit because it
exhibits transmissivity and hydraulic
conductivity values that are lower than those of
the underlying and overlying rocks (Blanchard,
1990).

The Slick Rock Member is a medium-
grained, massive, extensively cross-bedded
eolian sandstone which typically weathers into
steep cliffs and rounded slopes (Blanchard,
1990). The Slick Rock ranges in thickness from
200 to 500 feet in the Moab-Arches-La Sal area
(Hintze, 1988) and is the principal aquifer of the
Entrada Sandstone, commonly yielding fresh
water in quantities of 5 gallons/minute or less to
springs or seeps throughout its outcrop area
(Blanchard, 1990).

The Moab Tongue (also called the Moab
Member in some areas) is the youngest rock unit
of the Entrada Formation, but is present as a
mappable unit only in some areas of Grand
County (Hintze, 1988). It is a fine-grained,
cross-bedded sandstone with a white, yellow-
orange, or light-pink-gray color (Blanchard,
1990) and ranges in thickness from 50 to 180
feet in the Moab-Arches-La Sal area (Hintze,
1988). The Moab Tongue acts more as a
recharge unit, yielding less water overall than the
Slick Rock Member (Blanchard, 1990). Where
highly fractured the Moab Tongue has a high rate

Utah Geological Survey

of infiltration and discharge.

The Entrada Sandstone is well exposed in
Arches National Park, to the east of the park, and
in the upper reaches of the Mill Creek drainage
(Blanchard, 1990). Plate 4 shows the general
area in Grand County where the Entrada
Sandstone is present, and where the total
thickness of overlying rock is greater than 2,000
feet (Freethey and Cordy, 1991). Springs and
seeps typically discharge from the Entrada where
vertical hydraulic conductivity decreases at
contacts between cross-bed sets or at the top of
the less permeable Dewey Bridge Member
(Blanchard, 1990). Hydraulic conductivity
values for the Entrada in Grand County range
from an estimated 0.1 feet/day in the west to 1.1
feet/day in the east; transmissivity values range
from an estimated 50 square feet/day in the west
to more than 150 square feet/day in the east
(Jobin, 1962, in Blanchard, 1990).

Morrison Aquifer

The Jurassic to Cretaceous Morrison
Formation consists of mudstone, siltstone,
sandstone, and conglomerate with thin limestone
beds (Rush and others, 1982). The Morrison
Formation consists of three members: from
oldest to youngest, they are the Tidwell Member,
the Salt Wash Member, and the Brushy Basin
Member, and range in thickness in the Moab-
Arches-La Sal area from 20 to 100, 130 to 350,
and 250 to 450 feet, respectively (Hintze, 1988).
Many springs issue from lenticular sandstone of
the first two members (Rush and others, 1982)
and therefore they may be potential aquifers in
central Grand County. Plate 5 shows where
these units are present, and where the total
thickness of overlying rock is greater than 2,000
feet (Freethey and Cordy, 1991). The Brushy
Basin Member is a confining unit (Freethey and
Cordy, 1991).

Dakota Aquifer

Many springs discharge from the Dakota
Sandstone and the Burro Canyon Formation,
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which comprise the Dakota aquifer, along the
flanks of the La Sal Mountains (Weir, Maxfield,
and Hart, 1983). Most wells along the south
and west flanks of the La Sal Mountains also
produce from the Dakota aquifer (Weir,
Maxfield, and Hart, 1983). These Cretaceous
formations may potentially yield water in other
areas as well. The older Burro Canyon
Formation consists of fine- to coarse-grained
sandstone interbedded with siltstone, shale,
mudstone, and limestone (Blanchard, 1990), and
is 80 to 250 feet thick in the Moab-Arches-La
Sal area (Hintze, 1988). The younger Dakota
Sandstone consists of interbedded sandstone and
conglomerate containing carbonaceous shale and
coal (Rush and others, 1982), and is 0 to 200 feet
thick in the Moab-Arches-La Sal area (Hintze,
1988). The springs issuing from the flanks of the
La Sal Mountains have a large variation in flow
rate, but are perennial with an average discharge
rate of 18 gallons per minute (Weir, Maxfield,
and Hart, 1983). Plate 6 shows the general area
where the Dakota aquifer is present, and where
the total thickness of overlying rock is greater
than 2,000 feet.

Wasatch Aquifer

The Tertiary Wasatch Formation, which
comprises the Wasatch aquifer (plate 7), is a
potential aquifer and is known to yield water to
springs along the Roan Cliffs in the northern part
of Grand County. The Wasatch Formation
consists of dark red sandstones and shales (Rush
and others, 1982), and is 1,000 to 1,600 feet
thick in the Cisco-Harley Dome area (Hintze,
1988).  Blanchard (1990) reports a yield of
about 30 gallons per minute from one spring in
Grand County. Feltis (1966) reports a yield of
225 gallons per minute from a freshwater spring
near the Green Riverin T. 16 S., R. 17 E., Salt
Lake Base Line and Meridian, but we could not
discern whether this spring is in Grand or Emery
County.
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Parachute Creek Aquifer

The Parachute Creek Member of the
Tertiary Green River Formation crops out north
of the Book Cliffs in the Uinta Basin (plate 7).
The Green River Formation consists of marlstone
and oil shale with some sandstone, siltstone, and
tuff (Blanchard, 1990), and is 0 to 2,000 feet
thick in the Cisco-Harley Dome area (Hintze,
1988). More than 50 springs in the area
discharge between 1 and 20 gallons per minute
(Blanchard, 1990). Since there is little
development or need, few water wells have been
drilled in the Parachute Creek aquifer

Unconsolidated Aquifers

Unconsolidated sediments, generally
Pleistocene or Holocene in age (Sumsion, 1971),
are found throughout the southern portion of
Grand County (plate 8). The unconsolidated
sediments are typically deposited as a thin veneer
on bedrock, or as valley fill in the northwest-
southeast-trending structural depressions.
Except for the Spanish and Castle Valley areas,
little information is available regarding the
thickness of unconsolidated deposits in Grand
County. Types of unconsolidated sediments
include: wind-blown silt and sand, stream
alluvium (including terrace gravels), alluvial-fan
deposits, pediment-mantle deposits, talus,
landslide deposits, colluvium, and glacial
outwash and till.

These unconsolidated deposits generally
consist of mixtures of sand, silt, gravel, and clay
exhibiting varying degrees of stratification and
sorting. Unconsolidated sediments have a wide
range of hydrologic characteristics that vary
primarily due to grain size, sorting, and bedding.
Permeability and hydraulic conductivity
generally increase with increased grain size and
sorting. Wind-blown silt and sand deposits are
commonly highly permeable because they are
very well sorted. Stream alluvium may have a
wide range of hydraulic characteristics because
the deposits contain highly permeable stream-bed
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gravels and low-permeability overbank clays.
Glacial till generally has a low permeability,
primarily due to poor sorting.

Unconsolidated aquifers are an important
source of ground water in both the Spanish and
Castle Valley areas. Most of the residents of
Grand County live in the Spanish Valley area; in
1987, about 5,000 people lived in Moab
(Blanchard, 1990). The valley-fill deposits in
Spanish Valley (which, as used here, includes the
area in the northwest part of the valley that is
sometimes referred to as Moab Valley) provide
water that is used mostly for irrigation, but also
for some domestic water supply (Steiger and
Susong, 1997). The valley fill, predominately
stream alluvium and alluvial-fan deposits, is up
to 400 feet thick in northwestern Spanish Valley
near the Colorado River (Doelling and others,
1995). The average thickness of saturated
sediments in Spanish Valley is about 70 feet
(Sumsion, 1971). Spanish Valley has over 200
wells completed in unconsolidated deposits
(Sumsion, 1971); these wells range in depth from
30 to 300 feet (Gloyn and others, 1995; Lowe,
1996) and have water yields ranging from 8 to
1,000 gallons per minute (Sumsion, 1971). The
average transmissivity for the Spanish Valley
valley-fill aquifer is estimated at approximately
10,000 square feet/day (Sumsion, 1971).

Castle Valley has become a popular site for
vacation and retirement homes built on 5-acre
lots in recent years, with about 300 people
residing in the valley in 1996 (Snyder, 1996a,b).
Each residence has its own well and septic tank
soil-absorption system. The valley-fill deposits
in Castle Valley are the primary source of water
for domestic use, and also provide some water
for irrigation and stock watering (Snyder,
1996a,b). Unconsolidated sediments,
predominantly stream alluvium and alluvial-fan
deposits, are up to 350 feet thick in lower
(northwestern) Castle Valley (Doelling and Ross,
1993). The Castle Valley valley-fill aquifer is
under unconfined conditions, with the water
table ranging from 30 to 100 feet below the
ground surface (Snyder, 1996a,b). There were
more than 100 wells in the Castle Valley valley-
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fill aquifer in 1987 (Blanchard, 1990); these
wells are typically less than 150 feet deep
(Snyder, 1996a,b)

RECHARGE

The fractured-rock aquifers all receive
recharge through infiltration of precipitation and
stream flow. The La Sal Mountains are a
principal area of recharge for the bedrock
aquifers in Grand County; the high mountain
slopes are mantled in many areas by talus which
readily absorbs snowmelt runoff and
precipitation (Blanchard, 1990). Additionally,
the upturned and heavily fractured sedimentary
strata comprising the flanks of the La Sal
Mountains are capable of receiving more
recharge than is possible for strata which are not
heavily fractured (Blanchard, 1990). Another
important recharge area is the Book and Roan
Cliffs and Tavaputs Plateau, which also receives
a significant amount of precipitation (Rush and
others, 1982). Recharge to bedrock aquifers also
takes place due to seepage along intermittent and
ephemeral stream channels, and from direct
infiltration of precipitation where fractured-rock
aquifers crop out, or where they are overlain by
other fractured bedrock units or coarse
unconsolidated deposits.

Recharge in the La Sal Mountains is
ultimately the source of recharge to the
unconsolidated aquifers in Spanish and Castle
Valleys. For Spanish Valley, most of the
recharge to the valley-fill aquifer is from springs
and subsurface flow from the Glen Canyon
Group sandstones, principally from the east side
of the valley (Sumsion, 1971), and from direct
precipitation and infiltration of water from Pack
Creek and Kens Lake (Steiger and Susong,
1997). For Castle Valley, the principal source of
recharge to the valley-fill aquifer is infiltration
from Castle and Placer Creeks; some additional
recharge comes from fractured bedrock units
along the southwest margins of the valley, and
from infiltration of precipitation and irrigation
water (Snyder, 1996a,b).
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GROUND-WATER-FLOW DIRECTION

Regional directions of ground-water flow in
the upper fractured-rock hydrologic system are
shown in figure 2. In the southeast portion of
Grand County, ground water generally flows
from the La Sal Mountains to the Colorado
River. North of the Colorado River, however,
movement is toward the Colorado River and the
Green River with a ground-water divide
separating the two. Ground-water flow in the
unconsolidated aquifers of Spanish and Castle
Valleys is generally toward the northwest
(Sumsion, 1971; Snyder, 1996a,b).

DISCHARGE

Sources of discharge in Grand County
include: outflow to the Colorado and Green
Rivers; evapotranspiration by phreatophytes and
hydrophytes; spring flow and seeps; consumptive

["Y Cliffs —~/
‘ |
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20 0 20 Kilometers
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« General direction of ground-water movement
S Approximate ground-water divide between Gre

and Colorado Rivers

Figure 2. General direction of water movement in the
upper ground-water system (from Blanchard, 1990).
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use of ground water for irrigation, public supply,
domestic purposes, and sewage treatment; and
subsurface outflow (Sumsion, 1971; Rush and
others, 1982; Weir, Maxfield, and Hart, 1983).
Ground-water inflow to regional streams,
especially the Colorado and Green Rivers, is the
largest source of discharge followed in order of
decreasing discharge by evapotranspiration,
spring flow, consumptive use, and subsurface
outflow.

The estimated ground-water inflow to the
Colorado and Green Rivers in the Grand County
area ranges from about 823 acre-feet/year per
mile to about 3,703 acre-feet/year per mile of
river channel (figure 3) (Rush and others, 1982).
About 131 miles of the Green River flow along
the western margin of Grand County, and about
85 miles of the Colorado River flow through
Grand County. Assuming that the ground-water
inflow to the Colorado River above the Cisco
guage is at the same rate as from the Cisco guage
to the confluence of the Colorado and Green
Rivers, then about 315,000 acre-feet/year of
ground water discharges to the Colorado River in
Grand County. About 108,000 acre/feet of
ground water discharges to the Green River
along the western margin of Grand County, but a
significant portion of this ground-water inflow is
from Emery County aquifers.

Phreatophytes cover more than 46 square
miles of Grand County (Rush and others, 1982;
Weir, Maxfield, and Hart, 1983), of which 29
square miles is river floodplain; their total-
average-annual discharge is over 40,000 acre-
feet. Saltcedar, cottonwood, willow, and
saltgrass are part of the riparian systems in the
region, while areas with deeper water tables (up
to about 50 feet) can support saltbrush,
greasewood, and rabbitbrush. Evaporation from
shallow water in soil is also a source of
discharge.

In the La Sal Mountains, more than 200
perennial springs exist (most at an elevation
above 7,500 feet), and 70 springs are present
north of the Book Cliffs. Additionally, sporadic
seeps and low-yield springs are found throughout
Grand County, especially in the more permeable
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Mesozoic rocks. Most seeps occur at the
base of formations or along formation
contacts where a canyon has been cut into
the permeable rock units. In the many
fractured-rock aquifers, water is commonly
perched above less permeable formations
which also help control the locations of
seeps and springs.

Consumptive use of ground water is
greatest in southern Grand County where
the majority of people live. Unfortunately,
the amount of ground water consumed
versus surface water is not currently
available. About 19,808 acre-feet/year of
water is used to irrigate about 3,859 acres in
Grand County (Utah Division of Water
Resources, in preparation), likely mostly
from surface-water diversion. A total of
about 4,534 acre-feet/year of culinary

about 2,776 acre-feet/year is used for
residential use, about 818 acre-feet/year is
used for commercial/institutional purposes,
and about 940 acre-feet/year is used for industrial
purposes (Utah Division of Water Resources, in
preparation). Additionally, about 704 acre-
feet/year of secondary (non-potable) water is
used for residential, commercial, and
institutional purposes (Utah Division of Water
Resources, in preparation). Much of the culinary
water is likely from ground water (wells and
springs).

Subsurface outflow of ground water from
Grand County is probably minimal (Rush and
others, 1982).

WATER QUALITY

Water in recharge areas is generally fresh.
Total-dissolved-solids concentrations generally
increase with increasing depth or distance from
recharge areas due to a greater opportunity to
dissolve rock constituents with increased transit
time and/or flow distance (Weir, Maxfield, and
Hart, 1983). The amount and type of dissolved
solids are also related to rock composition

z
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Figure 3. Estimated ground-water inflow rate to the Colorado and
Green Rivers (from Rush and others, 1982).

(abundance and solubility of various
components) (Rush and others, 1982), so water
in the Paradox Formation of the Hermosa Group
usually has high chloride and total-dissolved-
solids concentrations (table 1) due to the
presence of highly soluble salt-bearing beds.
Water salinity is classified based on
concentration of dissolved solids in milligrams
per liter (mg/L) as follows: fresh, 0 to 1,000
mg/L; slightly saline, 1,000 to 3,000 mg/L;
moderately saline, 3,000 to 10,000 mg/L; very
saline, 10,000 to 35,000 mg/L; and briny, more
than 35,000 mg/L. Ground water is classified,
under drinking-water- and ground-water-
protection regulations, based largely on total-
dissolved-solids concentrations as shown in table
2. Class IA and II waters are considered suitable
for drinking water, provided concentrations of
individual constituents do not exceed state and
federal ground-water-quality (health) standards.
Class III water is generally suitable for drinking
water only if treated, but can be used for some
agricultural or industrial purposes without



Ground-Water Resources of Grand County

15

Table 2. Drinking-water and ground-water-protection regulations in Utah (Snyder, 1996a).

CLASS TOTAL DISSOLVED SOLIDS APPROXIMATE SPECIFIC CONDUCTANCE

(milligrams per liter)

IA (pristine) less than 500

11 (drinking water quality) 500 to 3,000

I (limited use) 3,000 to 10,000
IV (saline) more than 10,000

(micromhos per centimeter at 25°C)

less than 750

750 to 4,700
4,700 to 15,000
more than 15,000

treatment. Class IV water, though not suitable
for drinking, may in some instances be mined for
its dissolved minerals.

Fractured-Rock Aquifers
Lower Paleozoic Aquifer

Most of the water-quality data from the
Lower Paleozoic aquifer are from petroleum
wells where the formations are typically listed
only as rocks of Mississippian age (Feltis, 1966);
most of these data are from equivalents of the
Leadville Limestone (Weir, Maxfield, and Hart,
1983). The total-dissolved-solids concentrations
for water samples collected from Mississippian
rocks in Grand County ranged from 7,172 to
379,469 mg/L (Feltis, 1966, table 3; Gwynn,
1995). The Leadville aquifer, based on water-
quality information from Grand and San Juan
Counties, typically contains sodium-chloride-
type water with subordinate sulfate and
potassium (Weir, Maxfield, and Hart, 1983;
Gwynn, 1995).

Cutler Aquifer

Samples from two springs issuing from the
White Rim Sandstone in Canyonlands National
Park had total-dissolved-solids concentrations of
270 mg/L and 308 mg/L; samples from three
wells producing from the White Rim Sandstone
at Canyonlands had total-dissolved-solids
concentrations ranging from 1,720 mg/L to 2,730
mg/L (Huntoon, 1977). The springs produce

calcium-magnesium-bicarbonate- and calcium-
magnesium-sodium-bicarbonate-type water; for
the wells, water types were mixed and varied
from sample to sample (Huntoon, 1977)

Blanchard (1990) reported that samples
from three wells in the undifferentiated Cutler
Formation near Castle Valley had total-
dissolved-solids concentrations ranging from
1,420 mg/L to 3,450 mg/L, and that two of the
wells exceeded the ground-water-quality (health)
standard of 10 micrograms/liter for selenium.
Ford and Grandy (1995) reported that water
samples from the Cutler aquifer in Castle Valley
had specific conductances ranging from 842 to
4,360 micromhos per centimeter at 25°C.
However, Ford and Grandy (1995) did not find
high selenium concentrations in any of the wells
they sampled. The Cutler aquifer in Castle
Valley typically contains calcium-magnesium-
sulfate- or calcium-magnesium-sodium-sulfate-
type water (Blanchard, 1990).

Wingate Aquifer

Rush and others (1982) reported that total-
dissolved-solids concentrations for nine samples
from the Wingate aquifer ranged from 164 to 680
mg/L, with an average of 260 mg/L. One sample
from Salt Springs, which discharges from the
base of the Wingate Sandstone, had an unusually
high specific conductance of 3,760 micromhos
per centimeter at 25°C, probably due to a long
flow path in a regional flow system (Rush and
others, 1982). Blanchard (1990) reported that
three samples from springs issuing from the
Wingate aquifer had total-dissolved-solids
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concentrations ranging from 161 to 174 mg/L,
and that a sample from a 765-feet-deep well in
Arches National Park had a total-dissolved-solids
concentration of 280 mg/L. The Wingate aquifer
typically produces calcium-magnesium-
bicarbonate-type water; however, the sample
from Jackson Reservoir Springs that produced
the 680 mg/L value, was characterized as
calcium-sulfate-type water (Weir, Maxfield, and
Hart, 1983).

Navajo Aquifer

The Navajo aquifer generally produces
water with low total-dissolved solids
concentrations due to a low soluble-mineral
content and because it has an extensive outcrop
area in southern Grand County that receives
recharge from direct infiltration of precipitation
(Rush and others, 1982). Weir, Maxfield, and
Hart (1983) reported that total-dissolved-solids
concentrations for six samples collected from the
Navajo aquifer ranged from 163 to 505 mg/L,
and averaged 275 mg/L. Blanchard (1990)
reported that water samples from five springs
issuing from the Navajo aquifer in Grand County
had total-dissolved-solids concentrations ranging
from 102 to 385 mg/L, and that two wells
completed in the Navajo aquifer had total-
dissolved-solids concentrations of 210 and 360
mg/L. Steiger and Susong (1997) sampled wells
from the Glen Canyon Group in the Spanish
Valley area where the Glen Canyon aquifer
generally contained water with total-dissolved-
solids concentrations of less than 500 mg/L and
where 69 percent of the Glen Canyon aquifer
samples had total-dissolved-solids concentrations
of less than 250 mg/L. The Navajo aquifer
typically contains calcium-bicarbonate- or
calcium-magnesium-bicarbonate-type water
(Weir, Maxfield, and Hart, 1983; Blanchard,
1990).

Entrada Aquifer

Weir, Maxfield, and Hart (1983) reported
that total-dissolved-solids concentrations for
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three samples collected from the Entrada aquifer
ranged from 190 to 417 mg/L, and averaged 329
mg/L. Blanchard (1990) reported that water
samples from six springs issuing from the
Entrada aquifer in southern Grand County had
total-dissolved-solids concentrations ranging
from 119 to 157 mg/L, and that a flowing well
completed in the Navajo aquifer in T. 24 S., R.
20 E., Salt Lake Base Line and Meridian, had a
total-dissolved-solids concentration of 182 mg/L.
The Entrada aquifer in southern Grand County
typically contains calcium-carbonate-, calcium-
magnesium-carbonate-, or magnesium-calcium-
bicarbonate-type water (Blanchard, 1990).
However, Feltis (1966) reported that total-
dissolved-solids concentrations for samples
collected from three oil test wells and one water
well to the north in central and northeastern
Grand County, where the top of the Entrada
ranges in depth from 900 to 5,300 feet below
land surface, ranged from 9,470 to 86,600 mg/L;
the Entrada aquifer penetrated by these deep
wells contains sodium-chloride-type water
(Blanchard, 1990). These data indicate that
while the Entrada aquifer typically contains fresh
water in and near outcrop areas, ground-water
salinity increases vertically with depth in the
Entrada Sandstone, and laterally with distance
from the recharge area. Blanchard (1990)
concluded that these data indicate that fresh
water is likely present only for a short distance
north of the Entrada outcrop area.

Morrison Aquifer

Feltis (1966) reported that five Grand
County wells completed in the Morrison aquifer
produce water samples that had total-dissolved-
solids concentrations ranging from 2,090 to
25,700 mg/L. A sixth Grand County well
yielded a sample with a total-dissolved-solids
concentration of 517 mg/L; Feltis (1966)
speculated that recharge to the Morrison aquifer
is at or near this well site. Water samples from
two mines in the Morrison Formation in Grand
County had total-dissolved-solids concentrations
of 1,430 and 759 mg/L (Feltis, 1966).
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Dakota Aquifer

Weir, Maxfield, and Hart (1983) reported
that total-dissolved-solids concentrations for four
samples collected from the Dakota aquifer
ranged from 98 to 504 mg/L, and averaged 329
mg/L; they attributed the freshness of the water
to the close proximity to the recharge area.

These samples contained calcium-bicarbonate-
type water (Weir, Maxfield, and Hart, 1983).

Wasatch Aquifer

Conroy and Fields (1977) reported that a
Wasatch aquifer spring in Grand County had a
total-dissolved-solids concentration of about 600
mg/L. Feltis (1966) reported that the spring
issuing from the Wasatch Formation near the
Green River produced a sample with a total-
dissolved-solids concentration of 596 mg/L, but
we could not determine if this spring is in Grand
or Emery County. Smaller springs with similar
water quality probably discharge from the
Wasatch Formation along the Roan Cliffs
escarpment.

Parachute Creek Aquifer

Conroy and Fields (1977) reported that 12
springs issuing from the Parachute Creek aquifer
had total-dissolved-solids concentrations of less
than 500 mg/L. Gwynn (1995), however,
reports a few springs with total-dissolved-solids
concentrations up to 800 mg/L. The springs
typically produced calcium-magnesium-
bicarbonate-type water, although some samples
had mixed water types as well (Blanchard, 1990).

Unconsolidated Aquifers

In Spanish Valley, which has the largest
unconsolidated aquifer in Grand County,
Sumsion (1971) reported samples collected from
nine wells had total-dissolved-solids
concentrations ranging from 169 to 1,020 mg/L.
Steiger and Susong (1997) reported that samples
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from 20 wells completed in the unconsolidated
aquifer in Spanish Valley had total-dissolved-
solids concentrations ranging from 260 to 1,820
mg/L, but that about 86 percent of the samples
had total-dissolved-solids concentrations of less
than 1,000 mg/L. The Spanish Valley
unconsolidated aquifer generally yields calcium-
bicarbonate-type or calcium-sulfate-bicarbonate-
type ground water (Sumsion, 1971). The water
in the Spanish Valley unconsolidated aquifer is
generally of poorer quality than water in the Glen
Canyon aquifer (Steiger and Susong, 1997), and
mixing of water from this fractured-rock aquifer
tends to decrease total-dissolved-solids
concentrations in the unconsolidated aquifer as
ground water in the valley fill flows from
southeast to northwest (Sumsion, 1971).
Sumsion (1971) reported nitrate concentrations
in the Spanish Valley unconsolidated aquifer of
up to 26 mg/L, more than twice the ground-
water-quality (health) standard of 10 mg/L.
Steiger and Susong (1997) reported that
dissolved nitrate plus nitrite concentrations for
ground water in Spanish Valley ranged from 0.04
to 5.87 mg/L, and attributed nitrate plus nitrite
concentrations of greater than 3 mg/L in an area
in the central portion of the valley to possibly be
the result of human activities. This is an area
where domestic waste water is or, until recently,
was disposed of using septic tank soil-absorption
systems.

In Castle Valley, Ford and Grandy (1995)
reported that specific-conductance values for
samples from eight unconsolidated aquifer wells
ranged from 357 to 1,960 micromhos per
centimeter at 25°C. There is a general down-
valley increase in total-dissolved-solids concen-
trations in the Castle Valley unconsolidated
aquifer (Weir, Maxfield, and Hart, 1993).
Snyder (1996a,b) attributed this down-valley
increase in total-dissolved-solids concentrations
in the unconsolidated aquifer to recharge from
the Cutler and Paradox Formations which
contain poorer quality water. Ford and Grandy
(1995) reported nitrate concentrations of less
than 1 mg/L for samples from wells in the Castle
Valley unconsolidated aquifer.
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SUMMARY

In Grand County, ground water has been
withdrawn during this century primarily from
two types of aquifers: fractured rock and
unconsolidated deposits. Some of the better
water-yielding rock units are grouped together
into nine aquifers. From oldest to youngest (in
order of decreasing depth at any given location),
these aquifers are the Lower Paleozoic aquifer,
the Cutler aquifer, the Wingate aquifer, the
Navajo aquifer, the Entrada aquifer, the Morrison
aquifer, the Dakota aquifer, the Wasatch aquifer,
and the Parachute Creek aquifer.

The Navajo Sandstone is the shallowest and
most permeable formation in the Glen Canyon
Group, and is therefore the target for most
bedrock wells drilled in southern Grand County.
The Glen Canyon Group is the principal source
of drinking water in the Moab and Spanish
Valleys area of southern Grand County. The
Navajo aquifer generally produces water with
low total-dissolved-solids concentrations in
southern Grand County because it has a low
soluble-mineral content and because it has an
extensive outcrop area that receives recharge
from direct infiltration of precipitation.

Unconsolidated aquifers are an important
source of ground water in both the Spanish and
Castle Valley areas. In Spanish Valley, total-
dissolved-solids concentrations range from 169
to 1,820 mg/L, but about 86 percent of the wells
sampled have total-dissolved-solids
concentrations of less than 1,000 mg/L. Nitrate
concentrations as high as 26 mg/L have been
reported in Spanish Valley; nitrate plus nitrite
concentrations of greater than 3 mg/L in an area
in the central portion of the valley may possibly
be the result of human activities. In Castle
Valley, specific-conductance values range from
357 to 1,960 micromhos per centimeter at 25°C,
and nitrate concentrations are less than 1 mg/L
for samples from wells in the unconsolidated
aquifer.

The fractured-rock aquifers all receive
recharge through infiltration of precipitation and
stream flow, especially in the La Sal Mountains
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and Book Cliffs. For Spanish Valley, most of
the recharge to the valley-fill aquifer is from
springs and subsurface flow from the Glen
Canyon Group sandstones, and from direct
precipitation and infiltration of water from Pack
Creek and Kens Lake. For Castle Valley, the
principal source of recharge to the valley-fill
aquifer is infiltration from Castle and Placer
Creeks; some additional recharge comes from
fractured bedrock units and from infiltration of
precipitation and irrigation water.

Sources of discharge in Grand County
include: outflow to the Colorado and Green
Rivers; evapotranspiration by phreatophytes and
hydrophytes; spring flow and seeps; consumptive
use of ground water for irrigation, public supply,
domestic purposes, and sewage treatment; and
subsurface outflow. Ground-water inflow to
regional streams, especially the Colorado and
Green Rivers, is the largest source of discharge
followed in order of decreasing discharge by
evapotranspiration, spring flow, consumptive
use, and subsurface outflow.
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Plate 1. Areal Extent of the Lower Paleozoic Aquifer
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Plate 2. Areal Extent of the Cutler Aquifer
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Plate 3. Areal Extent of the Navajo
and Wingate Aquifers
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Plate 4. Areal Extent of the Entrada Aquifer
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Plate 5. Areal Extent of the Morrison Aquifer
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Plate 6. Areal Extent of the Dakota Aquifer
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Plate 7. Areal Extent of the Parachute Creek
and Wasatch Aquifers
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Plate 8. Areal Extent of Potential Unconsolidated Aquifers
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